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1 These authors contributed equally to this work.Candida albicans, the most prevalent human fungal pathogen, can switch stochastically between
white and opaque phases. In this study, we identiﬁed Zcf37, a zinc ﬁnger protein, as a new regulator
of white-opaque switching. Deletion of ZCF37 increased white-to-opaque switching frequency and
stabilized the opaque state. Overexpression of ZCF37 promoted conversion of opaque cells to white
phase, but needed existence of Efg1, a key regulator required for maintenance of the white state.
Deletion of EFG1 abolished the effect of ectopically expressed Zcf37 on opaque-to-white switching,
whereas ectopic expression of EFG1 promoted white cell formation without presence of Zcf37. Our
results suggest that Zcf37 acts as an activator of white cell formation and a repressor of opaque state
and functions upstream of Efg1.
 2011 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction
Asa commensal andapathogenofhumanbeings,Candida albicans
develops ability to undergo yeast-to-hypha transition and high-fre-
quency phenotypic switching that provides the organism with high
adaptability necessary to survive in different host niches [1]. One of
the high-frequency switching systems is white-opaque switching
[2]. White and opaque cells differ dramatically in many features.
Approximately 1300 transcripts are differentially expressed between
the two cell types [3].White cells appear round and form hemispher-
ical,white colonies; opaque cells appear elongated and formﬂat, opa-
que colonies.White cells are better suited for blood stream infections,
whereas opaque cells are more suited for skin infections [4]. Of the
two forms, the white state is considered to be the default state, be-
cause white cells are generally more stable than opaque cells in re-
sponse to environmental cues such as elevated temperature.
White-opaque switching is under repression of a1-a2 heterodi-
mer encoded by the MTL (mating type-like) locus and thus only
happens in MTL homogenous (a or a) cells [5]. Wor1 is a master
regulator of white-opaque switching [6–8]. WOR1 expression is
highly induced in opaque cells, but is undetectable in white cells.
Deletion of WOR1 locks cells at white state, whereas ectopic
expression of WOR1 converts all cells to stable opaque cells in a
or a cells. Efg1 is another key regulator of white-opaque switching,chemical Societies. Published by E
.shcnc.ac.cn (J. Chen).playing opposite role to Wor1 [9–11]. EFG1 is highly expressed in
white cells, but is repressed in opaque cells. Deletion of EFG1 pro-
motes opaque cell formation and overexpression of EFG1 forces
opaque cells to switch to white form. Czf1 and Wor2, two zinc ﬁn-
ger proteins enriched in opaque cells, play positive roles in regula-
tion of white-to-opaque switching [11–13]. In opaque cells, Wor1
can bind to the promoters of all four above regulators, represses
the expression of EFG1, and induces the expression of CZF1,
WOR2, and itself; in turn, Wor2 activates WOR1 expression, and
Czf1 represses EFG1 expression, forming a transcriptional circuit
controlling the establishment and maintenance of the two cell
types [11]. In white cells, EFG1 expression contributes to the for-
mation and maintenance of the white state, but the precise regula-
tory mechanism remains to be elucidated.
In this study, we identiﬁed Zcf37, a Zn(II)2Cys6 zinc ﬁnger pro-
tein, as an additional regulator involved in white-opaque switch-
ing. Deletion of ZCF37 increases the switching frequency from
white phase to opaque phase and renders opaque cells more stable.
Overexpression of ZCF37 promotes conversion of opaque cells to
white phase. The genetic interaction between ZCF37 and EFG1
was also investigated.2. Materials and methods
2.1. Strains and culture conditions
The C. albicans and Saccharomyces cerevisiae strains used in this
study are listed in Table 1. For the routine growth of yeast strains,lsevier B.V. All rights reserved.
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complete mediumwith 2% glucose) were used. SCS (synthetic com-
plete medium with 2% sucrose) and SCSA (synthetic complete
medium with 2% succinic acid) were used for induction of MAL2
and PCK1 promoters, respectively.2.2. Disruption of ZCF37
ZCF37 was deleted in C. albicans by a PCR product-directed dis-
ruption strategy [14]. Primers 1/2 were used to amplify C. albicans
HIS1 and ARG4 from plasmids pGEM-HIS1 and pRS-ARG4DSpeI,
respectively [14]. The PCR products were transformed into
BWP17 sequentially, generating the heterozygous mutant strain
CZH101 and the homozygous mutant strain CZH201. Successful
deletion was conﬁrmed by Southern blot analysis (Fig. S1).2.3. Plasmid and strain construction
Plasmids and primers used in this study were listed in Table 1
and Table S1, respectively. To construct pGilda-ZCF37, ZCF37 ORF
was ampliﬁed with primers 3/4 and inserted into the BamHI/XhoI
sites in pGilda. To construct pGilda-ZCF37-truncations, different
ZCF37 fragments were ampliﬁed with primers 4-11 (see Table S1
for details) and inserted into the NcoI/XhoI sites in pGilda. To con-
struct pBA1-ZCF37, ZCF37 ORF was ampliﬁed with primers 12/13
and inserted into the ClaI/KpnI sites in pBA1. To construct
pMAL2-ZCF37, ZCF37 ORF was ampliﬁed with primers 13/14 and
cloned into the HindIII/KpnI sites in pMAL2.
C. albicans MTLa strains were isolated by streaking MTLa/a
strains on sorbose medium (yeast extract-peptone plus 2% sor-
bose) and incubating the plates at 37 C for 1 week [15]. To com-
plement the zcf37/zcf37 mutant strain, pADH1-ZCF37 was
digested with AscI and transformed into CZH201-1. To overexpress
ZCF37, pMAL2-ZCF37 was cut with AscI and transformed into JYC5.Table 1
Strains and plasmids used in this study.
Strain or plasmid Genotype or description
Strain
C. albicans
BWP17 MTLa/a, ura3::kimm434/ura3::kimm434 his1::hisG/h
JYC5 MTLa, ura3::kimm434/ura3::kimm434
CJY1163 MTLa, ura3::kimm434/ura3::kimm434 his1::hisG/his
CZH101 MTLa/a, ura3::kimm434/ura3::kimm434 his1::hisG/h
CZH201 MTLa/a, ura3::kimm434/ura3::kimm434 his1::hisG/h
CZH201-1 MTLa, ura3::kimm434/ura3::kimm434 his1::hisG/his
CJY1572 MTLa, ura3::kimm434/ura3::kimm434 efg1::hisG/efg
S. cerevisiae
L5528 MATa, ura3-52, his3::hisG
HLY367 MATa, ura3-52, leu2::hisG ste7::LEU2
HLY362 MATa, ura3-52, leu2::hisG ste12::LEU2
HLY2000 MATa, ura3-52, tec1::HIS3
HLY850 MATa, ura3-52, ﬂo8::hisG
EGY48 (p8op-lacZ) MATa, his3 trp1 LexAop(6)-leu2 LexAop(8)-lacZ ﬂo8
Plasmid
pCZ14 2.7-kb ZCF37 in pRS202
pVT102U S. cerevisiae URA3/2l vector with ADH1 promoter
pGilda 2l, HIS3-based vector carrying the LexA DNA-bin
pGilda-ZCF37 ZCF37 ORF in pGilda
pJG4-5 2l, TRP1-based vector carrying the B42 activation
pBES116 C. albicans URA3 vector, digest with AscI for integ
pBA1 C. albicans ADH1 promoter in pBES116
pBA1-ZCF37 ZCF37 ORF in pBA1
pMAL2 C. albicans MAL2 promoter in pBES116
pMAL2-ZCF37 ZCF37 ORF in pMAL2
pPCK1 C. albicans PCK1 promoter in pBES116
pPCK1-EFG1 EFG1 ORF in pPCK1To overexpress EFG1, pPCK1-EFG1 was cut with AscI and trans-
formed into JYC5.
2.4. White-opaque switching assay
C. albicans white-opaque switching was performed basically as
previously reported [5]. Strains were streaked onto Lee’s medium
[2] and grown for 7 days at 23 C. Cells were then plated onto
SCD medium (buffered to pH 6.8) supplemented with 5 lg/ml
phloxine B (Sigma), and incubated at 23 C for 5 days. At least
two independent isolates of each strain were used in this assay.
2.5. Northern blot analysis
Total RNA was extracted by hot phenol and Northern blot
hybridization was performed as previously described [16]. WH11
and OP4 probes were previously described [6]. PCR product ampli-
ﬁed with primers 15/16 was used as the probe for ZCF37.
3. Results
3.1. Isolation of ZCF37 as a high-copy suppressor of a ﬂo8 mutant in
S. cerevisiae
In a previous attempt to identify the C. albicans homolog of
S. cerevisiae Flo8, we transformed a high-copy C. albicans genomic
library into a haploid S. cerevisiae ﬂo8 mutant [17], and isolated
pCZ14 as a clone that could suppress the invasive growth defect
of the ﬂo8mutant (Fig. 1A). pCZ14 contains a 2677-bp insert which
encodes a putative protein of 624 amino acids, designated Zcf37
(orf19.7381) (http://www.candidagenome.org) with unknown
function. pCZ14-mediated ZCF37 expression promoted invasive
growth in haploid S. cerevisiae cells and bypassed the requirement
of either Flo8, a regulator in cAMP/PKA pathway, or Ste12 and Tec1,
regulators in MAPK pathway (Fig. 1A). Zcf37 also promotedSource
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Fig. 1. Isolation of C. albicans ZCF37. (A) pCZ14 activated invasive growth in S. cerevisiae. Shown are total cell growth and invasive growth of S. cerevisiae strains L5528
(haploid, wild-type), L5559 (ste7), L5573 (ste12), HLY2000 (tec1), and HLY850 (ﬂo8) carrying pCZ14 (left) or a vector pVT102U (right) after 5 days incubation on YPD plates. (B)
pCZ14 activated the expression of FLO11. Total RNA was extracted from S. cerevisiae strains L5528 (haploid, wild-type), L5559 (ste7), and HLY850 (ﬂo8) carrying pCZ14 or a
vector pVT102U. Strains were grown in YPD for 6 h. (C) Zcf37 activated lacZ reporter in S. cerevisiae through speciﬁc activation domains. For b-galactosidase assay, strain
EGY48 was transformed with pGilda-ZCF37 or truncations and pJG4-5 (vector). The different Zcf37 fragments fused to lexABD are represented diagrammatically. The levels of
reporter gene expression, as measured by b-galactosidase activity, are indicated next to the relevant constructs. Three transformants for each construct were tested.
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Consistent with the phenotypes, Northern blot analysis showed
that ectopically expressed Zcf37 could activate the transcription
of FLO11 (Fig. 1B), which encodes a cell surface adhesin that is cru-
cial for invasive and ﬁlamentous growth in S. cerevisiae.
Sequence analysis revealed that Zcf37 belongs to zinc ﬁnger
transcription factors [18]. An N-terminal region (amino acids 18–
46) in Zcf37 shares high similarity with the Zn(II)2Cys6 binuclear
cluster DNA-binding domains of fungal proteins such as S. cerevisi-
ae Gal4 [19]. However, unlike typical Zn(II)2Cys6 transcription
factors, Zcf37 protein lacks any predictable acidic domain serving
as an activation domain. To verify its transcriptional activity, we
fused Zcf37 with a LexA DNA-binding domain and employed lacZ
as reporter in a yeast system. The b-galactosidase activity assays
with X-Gal (5-bromo-4-chloro-3-indolyl-b-D-galactopyranoside)
as substrate showed that the LexA-Zcf37 fusion protein could in-
duce expression of the lexAop-lacZ reporter at levels comparable
to the positive control (Fig. 1C). This observation, combined with
the activating effect of Zcf37 on FLO11 expression (Fig. 1B), sug-
gests that Zcf37 may function as a transcriptional activator in gene
expression. To identify the speciﬁc activation domains in Zcf37, we
constructed a series of deletion mutants of LexA-Zcf37 and assayed
them for their transcriptional activities. Our data indicate that two
regions, amino acids 260–320 and 493–609, are both required for
activity of Zcf37 (Fig. 1C).3.2. Disruption of ZCF37 increases white-to-opaque switching
frequency and stabilizes the opaque phase
In spite of the conserved Gal4-like Zn(II)2Cys6 domain, Zcf37
lacks a unique homolog in S. cerevisiae or homologs with known
function in other fungi. The activating effects of Zcf37 on invasive
and ﬁlamentous growth in S. cerevisiae prompted us to analyze the
role of Zcf37 in ﬁlamentous growth in C. albicans. We introduced
pBA1-ZCF37, an overexpression construct under control of the
ADH1 promoter, into the ADE2 locus in a wild-type MTLa/a strain,
but we failed to detect any activating or inhibiting effects of Zcf37
on ﬁlamentous growth in all conditions examined (data not
shown). We further deleted both copies of ZCF37 in a wild-type
MTLa/a strain (BWP17). The zcf37/zcf37 null mutant did not show
obvious defects in growth rate and hyphal development (data
not shown). Then we analyzed the role of Zcf37 in white-opaque
switching. For white-opaque switching analysis, the MTLa/a
zcf37/zcf37 strain (CZH201) was converted to MTLa strain
(CZH201-1) by growth selection on sorbose medium to relieve
the repression of a1-a2 heterodimer. Quantitative white-opaque
switching assays showed that the MTLa zcf37/zcf37 mutant carry-
ing pBES116 (URA3 vector) formed opaque colonies much easier
than the wild-type MTLa strain (CJY1163) did (Fig. 2). The white-
to-opaque switching frequency of the zcf37/zcf37 mutant is about
40-fold higher than that of the wild-type strain (Table 2). To verify
800 H. Wang et al. / FEBS Letters 585 (2011) 797–802that the increase in white-to-opaque switching frequency was
attributable to ZCF37 disruption, we complemented the zcf37/
zcf37 deletion mutant (CZH201-1) by introducing the pBA1-
ZCF37 construct. The zcf37/zcf37+pBA1-ZCF37 strain formed opa-
que colonies at frequency as low as that of wild-type control strain
(Table 2 and Fig. 2). These data conﬁrm that the loss of ZCF37 en-
hances the ability of the strain to grow as opaque cells.
To clarify the roles of Zcf37 in white-opaque switching, we
examined switching in the reverse direction, where opaque cells
switch to white cells. When wild-type opaque cells were plated
onto solid media and incubated at 23 C, 8.9% of them formed
white colonies (displayed as entire white colonies or sectors),
while zcf37/zcf37 opaque cells formed white colonies at frequency
about seven-fold lower than that of wild-type strain (Table 2). The
distinction between the two strains in opaque-to-white switching
was more pronounced when their opaque cells were incubated at
higher temperature (30 C), where the opaque-to-white switching
frequency of wild-type strain reached 43.1%, in contrast to the low
frequency (2.5%) of the zcf37/zcf37 mutant (Table 2). Taken to-
gether, these results indicate that the deletion of ZCF37 facilitates
white-to-opaque switching, inhibits opaque-to-white switching,
and stabilizes the opaque state.
3.3. Ectopic expression of ZCF37 promotes conversion of opaque cells
to white phase
The above experiments suggest that Zcf37 has a repressive ef-
fect on white-to-opaque switching and stabilizing of opaque cells.
We then want to know whether ectopic expression of ZCF37 could
drive opaque cells to white phase. To this end, we introduced
pMAL2-ZCF37, an ectopic expression construct under control ofFig. 2. Deletion of ZCF37 increases white-to-opaque switching frequency. Shown are r
(CZH201-1) with vector pBA1 or pBA1-ZCF37. Cells of each strain from 7-day-old white c
and incubated for 5 days at 23 C. Arrowheads indicate opaque colonies which stained r
Table 2
White-opaque switching frequencies in wild-type and zcf37/zcf37 mutant strains.
Strain White to opaque Opaq
23 C 23 C
Switching frequency (%) n Switc
Wild-type 0.1 2189 8.9
zcf37/zcf37 4.1 1004 1.2
zcf37/zcf37+pBA1-ZCF37 <0.1 1157 –
Frequencies shown represent the percentage of total colonies that displayed colony phen
colonies. All strains were MTLa strains.the inducible MAL2 promoter, into the ADE2 locus in a wild-type
MTLa strain (JYC5). Ectopic expression of ZCF37 is induced in su-
crose media and repressed in glucose media. The wild-type plus
pMAL2-ZCF37 strain was ﬁrst plated on glucose media and grown
at room temperature in 5% CO2 to obtain opaque isolates [20],
which were then re-plated onto inducing or repressing media (as
a control) and incubated at room temperature for 5 d. The control
strain carrying an empty vector showed similar opaque-to-white
switching frequencies (around 12%) on both glucose and sucrose
media (Table 3), eliminating the inﬂuence of carbon sources used
to control theMAL2 promoter on the stability of opaque cells. How-
ever, the strain carrying pMAL2-ZCF37 showed obvious differences
in opaque-to-white switching on glucose and sucrose media. Ecto-
pic expression of ZCF37 on inducing media increased the opaque-
to-white switching frequency to 64.1%, about 3-fold higher than
that on repressing media (Table 3), indicating an activating effect
of Zcf37 on opaque-to-white switching. This effect was conﬁrmed
by cell morphology examination and Northern blot analysis. In li-
quid sucrose medium, about half of the cells carrying ectopic
Zcf37 switched to white cell shape (round) after 20-h induction
(Fig. 3A); correspondingly, transcriptional levels of OP4, an opaque
phase-speciﬁc gene, decreased by about 70%, while transcription of
the white phase-speciﬁc gene WH11 was markedly induced
(Fig. 3B).
3.4. Zcf37-promoted white cell formation depends on Efg1
Efg1 is a transcriptional repressor required for heritability of the
white state [10,11]. To investigate the genetic interaction between
EFG1 and ZCF37, we introduced the pMAL2-ZCF37 construct into an
MTLa efg1/efg1 mutant strain (CJY1572) [21] and examined theepresentative colonies of MTLa wild-type strain (CJY1163) and zcf37/zcf37 mutant
olonies on Lee’s medium plates were plated onto SCD plus 5 lg/ml phloxine B plates
ed with phloxine B (Sigma).
ue to white
30 C
hing frequency (%) n Switching frequency (%) n
1560 43.1 1090
1483 2.5 785
– – –
otypes different from the original state, either as sectors or as entire white/opaque
Table 3
Opaque-to-white switching frequencies in strains ectopically expressing ZCF37 or EFG1.
Strain Ectopic
Expression
Construct
OFF ? OFF OFF ? ON
Switching frequency (%) n Switching frequency (%) n
Wild-type pPCK1 11.3 2352 12.7 1813
Wild-type pMAL2 11.1 2065 11.8 2667
Wild-type pPCK1-EFG1 11.9 1335 98.3 1053
Wild-type pMAL2-ZCF37 19.3 1551 64.1 1161
zcf37/zcf37 pPCK1 1.4 1126 1.4 1488
zcf37/zcf37 pPCK1-EFG1 1.7 1040 95.3 1605
efg1/efg1 pMAL2 0.5 1208 0.4 974
efg1/efg1 pMAL2-ZCF37 0.5 1182 0.6 1006
Frequencies shown represent the percentage of total colonies that displayed colony phenotypes different from the original opaque state, either as white sectors or as entire
white colonies. All strains were MTLa strains and grown at 23 C on repressing (ectopic expression OFF) or inducing (ectopic expression ON) media.
Fig. 3. Effects of ectopic ZCF37 expression on opaque-to-white switching in wild-
type and efg1/efg1mutant cells. Overnight cultures ofMTLa wild-type and efg1/efg1
cells carrying pMAL2-ZCF37 grown in SCD (repressing) medium at 23 C were
diluted to SCD medium or SCS (inducing) medium and continued to grow at 23 C.
(A) Cells were photographed after 20-h incubation. (B) Cells were collected at
indicated time points for RNA extraction and Northern blot analysis of phase-
speciﬁc gene expression. PCR products for WH11 and OP4 were used as probes [6].
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pMAL2-ZCF37 cells, the efg1/efg1 cells carrying pMAL2-ZCF37
showed very low opaque-to-white switching frequencies (0.6%)
when grown on solid inducing media (Table 3), similar to the
efg1/efg1 cells carrying pMAL2 (0.4%). In liquid inducing media,
most efg1/efg1 cells carrying pMAL2-ZCF37 grew as opaque form
after 20-h incubation (Fig. 3A); consistent with the phenotype,
the opaque-speciﬁc gene OP4 was highly expressed while the
white-speciﬁc gene WH11 was barely detected (Fig. 3B, 20-h
induction). Interestingly, during early induction (5 h), OP4 expres-
sion declined to very low level in efg1/efg1+pMAL2-ZCF37 cells, and
recovered to high levels after longer induction (10 h) (Fig. 3B),
although these cells remained in opaque state independent of
induction time and formed opaque colonies on solid SCD medium.
It seemed that at early time, ectopic Zcf37 repressed the opaque
state of the efg1/efg1 cells and resulted in a ‘‘white-like’’ state,
but failed to reach the commitment point for switching to white
phase; at late time, the efg1/efg1 cells restored opaque state anddisplayed opaque cell morphology. Our results suggest that Efg1
is required for ectopic Zcf37-promoted opaque-to-white switching.
To clarify the epistatic relationship between ZCF37 and EFG1, we
further examined the effect of ectopically expressed Efg1 on opa-
que-to-white switching in zcf37/zcf37 mutant cells by introducing
a pPCK1-EFG1 construct into the MTLa zcf37/zcf37 mutant strain
(CZH201-1). Ectopic expression of EFG1 is induced by succinic acid
media and repressed by glucose media. The carbon sources used to
control the PCK1 promoter have no effect on opaque-to-white
switching, since wild-type or zcf37/zcf37 cells carrying pPCK1
(empty vector) showed similar opaque-to-white switching fre-
quencies on both inducing and repressing media (Table 3). As a
control, ectopic expression of EFG1 in wild-type strain converted
most opaque cells (>98%) to white phase (Table 3). In the zcf37/
zcf37 plus pPCK1-EFG1 strain, most of the opaque cells (>95%)
switched to white phase on solid inducing media, in contrast to
the zcf37/zcf37+pPCK1 opaque cells which switched to white phase
at low frequency (<2%) (Table 3), indicating that Zcf37 is not re-
quired for Efg1-driven opaque-to-white switching. These results
suggest that Zcf37 functions upstream of Efg1 in the regulation
of opaque-to-white switching.
4. Discussion
In this study, we identiﬁed C. albicans Zcf37 as an activator of
white cell formation and a repressor of white-to-opaque switching.
The prevailing model for regulation of white-opaque switching in-
volves several transcription regulators, including EFG1, WOR1,
WOR2, and CZF1 [11]. EFG1 is required for maintenance of the
white state; WOR1 and WOR2 are required for establishment and
maintenance of opaque state; and the primary role of CZF1 is to
modulate the white-to-opaque switching frequency. Our data sug-
gest that ZCF37 is, at least to some extent, required for stable inher-
itance of the white state, since deletion of ZCF37 destabilizes white
cells, causes a 40-fold increase in white-to-opaque switching fre-
quency, and renders the opaque state more stable (Table 2).
Zcf37, Czf1, and Wor2 all belong to Zn(II)2Cys6 zinc ﬁnger pro-
teins that are transcription regulators involved in a wide range of
cellular processes [19]. Zn(II)2Cys6 domain is located at the N ter-
minus of Zcf37, a common feature of most putative Zn(II)2Cys6 zinc
ﬁnger proteins in C. albicans [18], but in Czf1 and Wor2, Zn(II)2Cys6
domain is located at the C terminus. Moreover, besides the zinc ﬁn-
ger DNA-binding domain, no other predictable domains are found
in Zcf37, whereas Q-rich and S/T-rich domains are found in Czf1 or
Wor2. These structural differences may reﬂect the functional dif-
ferentiation between them. Genetic epistasis analysis suggests that
Zcf37 is upstream of Efg1 in the terms of opaque-to-white switch-
ing, while Czf1 andWor2 are upstream ofWor1 in the regulation of
white-to-opaque switching [11]. It seems that Zcf37 contributes to
establishment and maintenance of the white state via Efg1, in
802 H. Wang et al. / FEBS Letters 585 (2011) 797–802contrast to Czf1 and Wor2 which contribute to modulation and
maintenance of the opaque state via Wor1.
Unexpectedly, in spite of regulating white-opaque switching,
ZCF37 itself seems not to be regulated by the switch. Neither
microarray analysis [22] nor RNA-seq experiments [3] identiﬁed
ZCF37 as differentially expressed between white and opaque forms.
Our Northern blot analysis also revealed that a 3.7-kb transcript
of ZCF37 is constantly expressed at low levels in both white and
opaque cells (Fig. S2). However, we noted that ZCF37 has a
10 kb long upstream intergenic region and a 1.2 kb long 50UTR
[3], implying complex regulation of this gene. Indeed, ChIP-chip
experiments showed that Wor1 can bind to the intergenic region
upstream of ZCF37 [11]. It is plausible that Wor1, as well as other
regulators, may occupy the promoter of ZCF37 and adjust its
expression levels in response to environmental signals. In line with
this view, the frequency of white-opaque switching can be inﬂu-
enced by environmental cues, including temperature, oxidative
stress, CO2, and N-acetylglucosamine [2,20,23]. To date, only two
yeast species, C. albicans and its closest relative, Candida dublinien-
sis, are known to switch between white and opaque forms [3].
Coincidently, BLAST search (http://blast.ncbi.nlm.nih.gov/) re-
vealed that the closest sequence homolog (82% identical) of
Zcf37 is encoded by a C. dubliniensis gene, CD36_85930. Interest-
ingly, like ZCF37, CD36_85930 has a long upstream intergenic re-
gion (10 kb) (http://www.genedb.org/genedb/cdubliniensis/). It
would be interesting to investigate the correlation between tran-
scriptional regulation of the two genes and their roles in white-
opaque switching.Acknowledgements
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